In this paper, we discuss the coding of ENO schemes in [22, 23] 
Also,/_ is the viscosity, 3' is the ratio of specific heats, Pr is the Prandtl number, and 
and the left eigenvectors are the rows of
ag The corresponding expressions for _ and _-_ are apparent.
!
The Euler equations can be obtained from the Navier-Stokes equations by setting _ = 0.
The equations for two-dimensional problems are equally obvious.
In the two-dimensional case, the transformation
enables us to treat non-uniform grids or mappings into non-rectangular domains.
The NavierStokes equations become q, + fe + g,7 = re + _"_,
where ,,-_.c -L ,, ,,+ _.c We now summarize the key steps of the algorithm:
(1) The time marching is implemented by a class of TVD Runge-Kutta type methods [22] . 
where ,_= max(I_,l + c)isthe largest eigenvalue inabsolute value ofthe Jacobian 
where q_+½ is the Roe average of _j and qj+l [17] . We then use the lefteigenvectors R#+II 2-_ in Eq._(8)-or Eql (16) of A#+_I2 to projectall relevantquantities (differences around a:#+ll_) to the local characteristic fields.A scalar ENO algorithm can then be applied, and the resultprojected back to component space by Ri+zl_.in Eq. (7) or Eq. (15).
(4) We finally describe the implementation of the scalar ENO approximation of -f(q)=. It is written as a conserved flux difference
where the numerical flux fj+l/2 approximates h(zj+V_ ) to a high order with h(z) defined by
It is pointed out in [23] that we do not need to construct h(z) explicitly: we simply use the
where r is the spatial order, then The small, constant matrix c is computed once and stored.
The adaptive stencil determined by the choice of i, the left-most point in the stencil used to approximate fj+l/2. We start with i = j or i = j + 1 according to the (local) wind direction (upwinding), and then apply the following
for k = 1,...,r. 
is used in the y direction; L is a stretching parameter which is taken between 4 and 10.
This permits the use of cosine (for p, u, and e) and sine (for v) expansions of the dependent variables in the _/direction.
Linear Instability
For the smooth problem we consider first the evolution of a small perturbation, with streamwise wavenumber a = 0.4, from the mean flow at Moo = 0.5 with a Reynolds number of 100, and the usual 3' = 1.4. Figure  7 , which shows the evolution of the pressure for the spectral method calculation (in which a 1282 grid was used from _ = 0 to t = 75, a 256 x 128 grid from t = 75 to t = 100, a 384 x 128 grid from t = 100 to The vorticity thicknessof the ENO and sixth-order compact methods are provided in Figures 9 and 10 A comparison of the characteristicwise ENO results at t = 125 with those of the compact scheme ( Figure  6 ) reveals that even on a 1282 grid the ENO method produces a numerical shock thickness which is much larger than the actual thickness for this viscous problem.
Moreover, the absence of a shock on the 642 grid appears due t0 the delayed flow evolution (presumably caused by the inherent viscosity of the ENO method) that is apparent in Figure  9 .
We conclude the results for this problem with Figure  15 , which shows the long time 
where fir = k_(x cos ar + y sin at), to the density field at the right of the shock. The first phase of this computation is aimed at reducing the transients that arise from the discrete ENO approximation to the moving shock wave. We run the scheme until the shock moves from x = 0.2 to x = 0.8, then shift the data leftwards so that the shock is again located at x = 0.2, and repeat this process six times. Then for each fixed x to the left of the shock, we perform a Fourier analysis on the entropy to find the amplitude el, where (34) with the the subscripts "r" replaced by "1" denotes the entropy wave to the left of the shock. 
